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Instructions
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considered standalone material.
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* The information in this book has been printed based on the transcript of the Marrow SS
Medicine videos.

* The information contained in this book is for educational purposes only. The content provided is
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faculty, who are subject matter experts. We have merely reproduced them as video transcripts in
this book.

* The notes have been consciously designed in a way that is concise and revisable. To ensure this,
we have intentionally added only the most relevant modules and images that are needed for you.

* Reasonable care has been taken to ensure the accuracy of the information provided in this book.
Neither the faculty nor Marrow takes any responsibility for any liability or damages resulting from
applying the information provided in this book.

* This set contains notes of all main videos published in the app until Jan 2025. You can find
notes for any additional videos published after this date within the app under the videos section.

All Rights Reserved

No part of this publication shall be reproduced, copied, transmitted, adapted, modified or stored in any form or
by any means, electronic, photocopying, recording or otherwise.
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HEMODYNAMIC MONITORING

Coxdiovascular orgon dﬂs&‘—unc’don : 3™ most common organ d53¥unc‘c\on.
Con’c'\nuOstB observing changes in phBS\o\ogic variobles :
* To monitor organ Sunction.
* For prompt therapeutic interventions.
* To evaluote response Yo therapeutic interventions.
nonitoring per se does not improve poec'\en’c outcomes.
T‘\me\5 app\‘\ed r‘\g\'ﬁc interventions con couse \mrpox/emen’c in outcomes.

Assessing global and regional perfusion 00:01:19
Initial steps : Advanced mom‘cor‘\ng meosures
. Clinical assessment. I. Coxdioc Ou’(pu’t mor\'\’cor\ng.

8. Basic monitoring ond ossessment 3. Assessment of cardioc con’cmchh’%.

of global per?us‘\on. 2, pssessment of tissue per%s'\on.
3. Preload monitoring ond Sluid

FQSPOHS\\IQHQSS.

Step | : Clinical assessment.

* Thirst * Tachypnoeo, ‘cachgcardia,
* Cold extremities. * Confusion.
o
* Poor per'\pherod pulses. ° pltered skin per?us'\or\.
* Impaired capilary redil. * Oligurio.
SKin mo’c{\'\ng :

Important predictor of adverse outcome.
® Seore O No moH\'mS.
e <eore |+ Smoll area of mottling, localised to centre of knee.
* Seore & F Modest mottling area thok does not extend beﬂond superior
border of kneecop.
* Score 2 Mild mottling area thot does not extend beﬂond the m\o\—‘ch'\gh.
* Score 4 Severe mottling area, not going begor\d the groin fold.
® Score S E:x’creme\g severe mottling areo, ex’rend’mg begor\d groin fold.
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2 - Basics of Critical Care Medicine

Mottling score

GRADE 2 MOTTLING

' Foot

Step 4 : Basic monitoring and assessment of global perfusion :
* 13 lead eCs,
* Blood pressure : Non invasive and invasive.
* Pulse oximetry (Spo).
* Lactote levels.
* Biochemical variables.

Blood pressure mon'\’coring :

Blood pressure
measurement

| —

| Invasive ‘
 (arterial catheter)

" Non-invaive

Y l

Intermittent Continuous
Inflatable occluding (upper arm) cuff ~ *Volume clamp method (finger cuff)
+ manual: auscultatory + palpatory -+ Arterial applanation tonometry
method " - manual: hand-held sensors
+ automated: oscillometry j - automated: electronically controlled

sensors

Critical Care Medicine + v1.0 » Marrow SS Medicine



NIBP : Intermittent.

Hemodynamic Monitoring |

mMonual intermittent

Automoded intermittent

Described bﬂ rorotkow in 1905S. .
Sphygmomanometer, cufs; and .
stethoscope needed. °
Auscultading sounds 8enero¢ed
by furbulent arterial blood Slow
beﬂond cufs.

Systolic * First korotkofE sound.
Diastolic : Before disoppearance. | *

Based on osc\\\ome’crg.

Cus is coupled to an oscillometer.
The cubt inflated above systol-

ic pressure — Then Sraduod\5
deflotes.

MAP @ pressure ok peok amplitude
of arterial pulsations.

SpP § DBP : Derived from propri-
etary formulas (Rote of change

0% pressure pulsaions).

cuss size s
* pladder \eng’ch : 80% of orm circumference.
e pladder width : 40% of arm circumterence.

* midline 0% cufs bladder should be positioned over the arterial pulsation.

Patient Recommended cuff size

Adults
(by arm circumference)

22to 26 cm 12 x 22 cm (small adult)
27 to 34 cm 16 x 30 cm (adult)

35 to 44 cm 16 x 36 cm (large adult)
45 to 52 cm 16 x 42 cm (adult thigh)

P cuks size

Comparison of blood pressure meosurements Vio. korotkotfs sounds and

ose‘\\\ome’cr&;

Auscultatory
systolic diastolic

4 Korotkoff 78

200 l sounds 200
100

Auscuiltatory

Cuff pressure

Cuff pressure oscillations

N

Oscillometric Oscillometric Oscillometric
systolic mean diastolic
145 106 80

Critical Care Medicine ¢+ v1.0 » Marrow SS Medicine




Basics of Critical Care Medicine

Non invasive :
CNAP : Continuous noninvosive arteriol pressure.
volume clamp method (inger cufD :
* Inflatable finger cufs with infrared
° ple’chgswwogmphg g monitor.
* Adjusts its pressure multiple times per second to
keep volume in finger artery constant.

® Produce o broachial arteriol woveform.

T-line sﬂs’cem :

Based on applanadion ’conome’crﬁ.
* Rodiol ar%erg applanation :
* A pressure sensor applied over radiol oﬁerg :
e 6\8an compresses our’cerﬂ * Applonates.
* The sensor is awcomoec‘\ca]\g moves over radial

ar%erg until optinmol waveform is recorded.
° external app\ano@c\on leods to reconstruction of &P wavelorm.
* mean BP meosured directly (op’c'\mod wavelorm).

ARY. PRESS
03/ 42
(B2)
PPV 3%
Reconstruction of the brachial or radial BP waveform

Algorithm using arm cuif calibration Algorithm without external
(CNAP) or not {Nexfin ClearSight) calibration (T-line)
Finger BP waveform Ui d radial BP m
Pressure in the finger cuff Arterial wall tension signal

(k ing the ph graph signal attenuated by the surrounding tissue

and thus finger volume constant)
Finger cuff housing a Radial artery applanated Pressure transducer
photoplethysmograph by the pressure transducer

Bracelet

T,
,\‘*‘Volmclamp ®

( Applanation tonometry )

Invasive blood pressure :
* gold standard for &P monitoring :
- Arterial connulation.
- Continuous pressure transduction.
- Waveform display.

Critical Care Medicine + v1.0 - Marrow SS Medicine



Hemodynamic Monitoring

Conventions :
- Pressures expresseo\ as mmHo,.
- Referenced to ph\ebos’coedc oxXis.

- 2eroed to ambient pressure.

Pressurized bag of saline

Screwable Slow Flush Valve

Squeezable Fast Flush Valve ‘\

<— Phlebostatic axis —>»
Midaxillary line, 4th intercostal space

Pressure Transducer

Fluid filled non-compliant tubing: no more than 1.2 metres

Indications :
* Unstoble blood pres&ure/ severe hypotension.

* use of mp‘xd\g acting vasoactive arugs vasodilodors, vasopressors, inotropes.

° Frequent sampling of arterial blood.

Relodive contraindications for invasive avterial pressure mon'\’cor'mg :

Anticipation of thrombolytic therapy

Severe per'\pherod vasculor disease pre\/en’c\ng cotheter insertion.

vascular anomalies : AV fistula, local aneurysm, local haematoma, Raynoud’s
disease.

Lack of collakeral blood Sow distally (&3 : Radial artery previously used Sor
coronary artery bypass surgery.

modified Allen test :

* Ugsed to assess adequacy of collateral cireulation.
¢ Reduced colloderal Slow when podm remains pode > 0 10 seconds.

* Disadvantoge : Sensitivity (10-80%).

Critical Care Medicine  v1.0 * Marrow SS Medicine




6 Basics of Critical Care Medicine

Modified Allen’'s Test - Positive

_____ Active space ----- bla(r;’og:ggegalm Modified Allen's Test - Negative
. - s LA & 3
e 2 7P g \ 3 \A A ‘\f g .
\ 4 N 77 5 \'\,\\i\ 2.
; , e, .~
3 - 4 \ 7 Uinar artery | ¥

released and B> 7
o ) Ulnar artery g not patent- ¢
Ulnar artery Radial artery  released and
occtuded occluded patent. Radial artery
occiuded

Radial artery
occluded

Common sites :
l. Radial.
a. Femoral.
3. Dorsalis pedis.
4. Posterior tibial.

Complications of direct arterial pressure rmonitoring :
* Distal ischemia, pseudoaneurysm, arteriovenous fistula.
o Hemorrhage.
® Arterial embolization.
* Infection.
* Peripheral neuropoechg.
* Misinterpretation of dato.
* Misuse of equipment.

Pressure mon‘\’coring SHS%em :

Pressure monitoring system

f Signal l
\4

§ Arterial catheter I
\ 4

g Coupling system I
¥

[ Pressure transducer assembly }

¥
| Ampliier & signal conditioning ]

v
| Analog to digital convertor |

12
{ Microprocessor ]

\ 2
! Bedside monitor

Critical Care Medicine « v1.0 * Marrow SS Medicine



Hemodynamic Monitoring

2eroing levelling :
* Levelling : At level of 4he right adrium, we
estoblish the 0 baseline..
* 2eroing: Opening the transducer stopcock to
odmosphere.
* Stopeock of level of midoxillary line 4th 1CS ¢

Flavostodtic oxis.

*  With the stopcock open, monitor displays 0.

Physics of arterial waveform 00:20:27

Fourier ounodgs'\s o¥ complex waveform :
Arteriol wavetorm is o composite
ot mony woveforms of increosing

frequencies (Harmonics).

Fundamental frequency
(1 Hz)

8—10 harmonics.

Second harmonic (2 Hz)

\/\/\/\/\/\/—\ Third harmonic (3 Hz)
NS NN N N\ Fourth harmonic (4 He)

e ™ e e~ Fifth harmonic (5 Hz)

\/\/\/\/\\ Sion or il Rarmonics

Nodural frequency :
Frequency ok which o system oscillates.

_ 1 n D? AP
Natural frequency f;, = 50 ;’TL—_E/

Dependen’c on:
°  MmMoximum diometer.
°  Minimum \eng’ch.

° Low comphance.

The cOuplinS s5s’cem :
Fluid between ar’cerg ond transducer octs

Frictionless system oscillates In the presence of friction, oscillations
indefinitely come to rast

0s s‘\mp\e hayrmonic oscillator :

* Analogous %o a. pendulum. NI AN AV e
V'V L Y

.
Natural frequency

* When the pendulumis displaced, it

L
Natural frequency

undergoes s'\mp\e harmonic motion it
oscillates around the equilibrium point.

Critical Care Medicine + v1.0 * Marrow SS Medicine




' Basics of Critical Care Medicine

* Resonance : Amplification of a signall
Occurs when it's frequency is close to naturol frequency of o system.

The Coupling system

Amplified waveform {sum of
both waveforms)

N AN
L

Natural frequency of
the transducer

IB
Measured wave

* 1§ natural frequency of pressure transducer matches with each peak of
arteriol pressure wave — Increase amplitude of the measured volues.

* Transducer system must have a natural frequency well above the 8"
harmonic frequency of o rapid pulse : »a4Hz (Taking HR upto 180/mir.

Dampins :
* Absorption of energy (Amplitude) of oscillations :
- Decreases amplitude of waves.
~ Reduces natural frequency of o system.
* Adequately damped — Amplitude should not change due to resonance.
* Diameter of the tubing has the greatest eftect on darnping,
* Damping increases bﬂ third power of any decreoase in ’cub‘mg diameter.

Dgnam'\c response :
Ab'\li’rg of the sgsfem to accum’celﬂ reproduce hemodgnamic waveform.

Damping coetlicient :

To assess how quickly an oscilating Sluid filed system comes to rest.
Test : Fast flush test.

Critical Care Medicine * v1.0 « Marrow SS Medicine



Hemodynamic Monitoring

Arterial line setup : Damping adequacy.

The natural resonant frequency is the time
between oscillations. It should be around 30Hz
(30 times per second) to give an accurate signal
at heart rates of around 180 (3Hz)

Pressure

Nice, normal-looking
arterial waveforms ' Only two oscillations follow
; ' the release of the flush valve,
+ the amplitude of each oscillation
' must be no greater than 1/34
1 . ofthe previous oscillation

i

Time

Over damped Sﬂs’cem :

300MMHQ -~ === === mmm = m o o e T T T T T

Fast fush valve —>
is open

Systolic is underestimated

Systolic ------ gemmmemmmmmmmn
e S - Y+ i At S RO <«— MAP remains the same

g 7
7 Diastolic ---+-Co--7= L
gs) : Diastolic is overestimated
S I
o 1
Slurred The dicrotic Only one oscillation is seen, and
rounded-looking notch iis lost then they die off, absorbed by the

air bubble, clot, or whatever else
is overdaming the system

arterial waveform

|

1

Time

Occurs in cases of : Clots, Kinks, air bubbles, low compliont tubings, loose

connection.

Critical Care Medicine * v1.0 « Marrow SS Medicine



10 - Basics of Critical Care Medicine

_____ Active space ———— Underdamped system :
BOOMIMHG -~ == = e e e e e e s s m e e e e
-------- Systolic is
Svystoli overestimated
ystolic ----+

@ Mean.-----pl%ha A o0\ oM MAP remains

a Diastolic -- -+ the same

3 - Diastolic is

E underestimated

Overshooting - “Ringing”; multiple

arterial waveform oscillations are seen;
they reverberate around
the underdamped circuit

Time
Occurs in ¢ Long tubing, hﬂperdﬂnamic circulotion, Jcachi:)cardia, hﬂper’censior\,
otherosclerosis.

Betermining frequency of a. system :

Paper speed (mm/sec)

T ( time of one cycle) mm

Ift=1.2mm,f, = 20Hz

One cycle
Peak to Peak

Critical Care Medicine * v1.0 - Marrow SS Medicine



Ampl‘\mde rodio :

He'\gh’c of woves 8eneroéced ¥o\\ouo'm5 o fost Slush test.

Arterial line Se’cup : Dgr\am\c response.

Hemodynamic Monitoring

Amp Ratio Damping
(D2/D1) coefficient
0.9 0.034
0.8 0.071
0.7 0.113
0.6 0.160
0.5 0.215
0.4 0.280
0.3 0.358
0.2 0.456
0.1 0.591
0.05 0.690

Original waveform

=
=]

&

Damping Coefficient
£ &

R

Pressure transducer :

* n tronsducer is a device which
converts energy £rom one form to
another : Pressure into electrical
energu.

* It acts on the principle of Wheatstone
bridge.

* Wheodstone bridge : glectrical circuit

with one unknown resistor.

Ry

R3

+ -

R2

Rx

{
11| F

Critical Care Medicine + v1.0 « Marrow SS Medicine
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12 Basics of Critical Care Medicine

mechanism :
* Piezoresistive strain gouges is used to complete the cireuit.
* Wheatstone br'\dge is used to measure the unknown resistance (O strain

gauge).

® Resistance of unknown resistor is determined bﬂ pressure.

Silicone Layer with
Thin diaphragm In
center

Silicone layer with
thin di

§ in center

Arterial
Pressure ::sm H
Piezoelectric %
Layer to sense I ] Piezoelectric
deflection 3 '“’3‘;‘:‘;‘;’:‘”
Components of arterial pulse waveform 00:33:21
(‘,omponen’cs :
i Sgs’col'\c phase : Dicrotic notcl
o Rap'\d increase in pressure to a peak.
* Begins with opening of aortic valve. Dicrotic notch
* Corresponds to Lv ejection.
- . . Systolic phase
il. Dicrotic noteh :
. Diastolic phase
Closure of aortic valve.
Systrots‘rtr:;m-a;k - /biastoiic peak

ili. Diastolic phase :
Arterial pressure waveform

Run-0%% of blood into peripheral circulation.

nnodl.jsis Y
* On £C&, R wave signals beginning of
sas’co\e.

. Sgs’cohc upstroke does not occur
immedia’celﬁ ?—ol\ouo‘mg 35s%ole. There is
1bO-180 millisecond o\elo&.

—
180 msec
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